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@ Aqueous self-curing polymeric blends. -

@ An agueous dispersion of a polymer composition useful
for providing surface coatings, especially for the interiors of
food and beverage containers comprises & blend of an

. alkylol acrylamide based self-curing copolymer containing -
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functional groups and an epoxy-acrylic copolymer and
optionally further contains a phosphated polymer.
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. CASE 10139
AQUEQUS SELF-CURING POLYMERIC BLENDS

BACKGROUND OF THE INVENTION

This invention ;'elates to polymeric compositions and processes
parﬁgdarly useful in surface coating compositions, and more particularly pertains to
an aqueous blend of certain reactive self-curing water dfspersed_ polymers, water-
.dispersed epoxy-acrylic copolymers, and optionally containing a polymeric phosphate
additivé, to provide wate:bbrased can coating eompositions for 'interior éoatings for
food and beverage gontai.ners and similar sanitary coating a§plications. R

Water—bas:ed' coating compositions foxf use as internal sanitary-liners for
metal containers at;e suggested in U.S. .3',991,2!6. Such'polymers. are based on
_ interpolymers of copolynierized aerylamide }nonomer, carboxyli‘c monom.er, and
other ethylenically unsaturated mohomers. H'__pwever, such polymers are difﬁcult'to
épray and often exhibit deficient film probérties such as lack of reéistance to
ethanol and hence are undesirable for eontainers for alcoholic bevera.ges.

Epoxy resins are parti.cularly dairable_- for use in surface coating
materials as a vehicle or polymeric binder for pigments, fillers, and cther additives

whereby epoxy resins advantageously provide toughness, flexibility, adhesion, and
. chemical resistance and water-dispersed coating compositions conteining: epoxy
..resins ere highly desirablé for can coating compositions. Coatingé for soft drink and
beer éa_ns, for .insténce, ﬁre criticél due to taste sensitivity wﬁérein such sanitary
can coatings must not alter the proéuct taste of canned beverages. Taste problems
can occur in a variety of ways such as by leaching of coéting components into the
beverage, or by adsorption of flavor by the coating, or sometimes by chemical
reaction, or by some combi;lation thereof. In commonly essigned U.S. 4,212,78], a
process is disclosed for modifying epoxy resin r-by reacting the epoxy resin with
addition polymerizable mm;omer in the presence oi‘ at least 3% by weight of benzoyl

peroxide (or the free radical initiating equivalent thereof) based on monomer at &
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suitable reaction temperature. This reaction produces a reaction mixture containing
an in-situ formed blend of resinous materials- comprising an epoxy-acrylic copolymer
mixture containing epoxy resin, graft epoxy-acrylic polymer, and associatively~
formed ungrafted addition polymer. -The in-situ polymerized monomers include acid
f.\met‘ional monomers to provide acid functionality in the reaction mixture
sufficiently high to effect siable.dispersion of the resﬁting reaction pro’du.ct ina
basic aqueous medium. In a preferred embodiment of U.S. 4,212,781, a polyglsrcidyl
ether of bisphenol-A is reacted ﬁth a mixture of addition polymerizable monomers
containing an acryJ:ic acid such as methacrylic acid. The epoxy resin has a molecular
‘weight above 4,000 and provides from 50% to 90% of the initial reaction mixture.
The reaction ‘takes ﬁlace in the presence of benzoyl peroxide at an elevatec}
temperature above 80°C and preférably between about 110°C and 130?0 to effect
addition polymerization of the monomer and product addition polymer grafted to the
-epoxy' resin. The reaction product can be:dispersed in a basic aqueous medium to
form a water-reducible epoxy-acrylic éopolymer mixtur.e. !

It now has been found that certain reactive self-curing water dispersed

polymers blended with epoxy-acrylic copolymer and polymerie phqsphate provides an

* excellent coating suitable for an interior coating for beverage and food containers.

The reactivé self-curing water dispersed polymer contains copolymerizéd monometé
including funct.ion.ai carboxyl, hydroxyl, amine or amide monomers preferably in
combination with alkylol acryl.arr.xide monomers. The monomers -can be
copolymerized .together in a conventional one-step process. Alternatively, the
monomers can be polymerized in a step-wise reaction to concentrate the alkylol
acrylamide on the surface of the polymer particles which advantageously provides an

improved water dispersed polymer exi'aibiting surprisingly good rheological properties

ineluding viscosity, stability, and spray abplication. By concentrating alkylol

. acrylamide on the polymer surface, it is believed that a minor amount of alkylol

‘aerylamide reacts with & minor amount of functional monomer during the addition
polymerization of ethylenic monomers to provide a felatively rigid or hard po}, jmér

particlé surface, which apparently stabilizes the viscosity of the water dispersed
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blend as well as provide considerable shear resistance durmg subsequent spray

apphcatxon of the blend. Upon ultlmately heat curmg of the composxtlon of this

invention, the water dispersed polymer becomes self-curing by the alkylol -

scrylamide reacting with the functional monomer groups in the polymer. By

blending the reactive self-curing water dispersed polymer with a water—dispersed
1

epoxy-acrylic eopolymer, the blend provides an excellent sprayable intérior coating

particularly suitable for beverage cans. A preferred coniposition in accordance with

this invention further contains a phosphated polymer such as an epoxy phosphate

polymer. The inclusion of phosphated polymer provides improved coating

qharacteristits such as solvent resistance and improved pérosity properties. The
reactive self-curing water dispersed polymers are high molecular weight polymers
and ad\}an,tageously provide good film integljity properties, high solids eontent, good
~ spray application, and minimal use of solven;gs: ‘These and other advantages of this
invention will become more apparent by referriné to the detailed deseription of the

invention and the illustrative examples. . ) i

SUMMARY OF THE INVENTION

Briefly, the invention is based ron -1 éertain self-curing water dispersed
polymer produced by polymerizing ethylemc monomers, mcludmg functional
carboxyl, hydroxyl, amine or amlde monomers in combmatlon with alkylol
acnylamide monomers, and thereafter_blend, the wate; dispersed polymer with an
epoxy-acrylic copolymer and optionally a phosphated polymer. The composition c;.f
this invention comprises a water&ispersed polymeric blend of (a) the reactive self-
curing water dispersed polymer, and (b) an epoxy-acrylic copolymer. The preferred
composition further contains (c) a phosphated polymer. An aminoplast cross—ﬁnking
resin can be added to the water-disp.ersed polymeric blend to provide improved
curing properties;.

DETAILED DESCRIPTION OF THE INVENTION

In aqcordance with this invention, the aqueous composition comprises
certain reactive self-curing water dispersed polymers blended with epoxy-acrylic

;":opolymer, phosphated polymer, and an aminoplast cross-linking resin.

© mersre we s -
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Referring first to the reactive seli-curing water’ dispersed polymer, the
reactive self—curing" p‘olyh-zer' is a polymer of copolymerized ethylenicaelly
unsaturated monomers comprising (i) alkylol acrylamide and preferably alkylated
alkylol acrylamide monomers, (ii) funct{onal monomers consisting of reactive
carboxy, hydroxyl, amine, or amide monomers, and (iii) other. etpylenically
unsaturated monomers to produce a self—zjeactive alkvlol acrylamide water c.lispersed
polymer. The self-curing water dispersed polyx';ler' is synthesized by conventional
one-step copolymerization or by stép-—wise polymerization of monomers in water
whereby the alkyiol acrylamide monomers are polymerized in the second
polymerization step._The two stage monomers can be proportioned on a weight basis -
from 25/75 to 75/25 first stage/second stage monomers.

The alkylated alkylol acrylamide monomers c.an be cierivatiwfgs of
acrylamide, methacrylamide, methylolr acrylamide, or similar sglkyl modified
ac::ylamide monomer &s shown for exampié in U.S. 3,991, 216; U.S. 4,097,438; and U.S.x,-
4,305,85@3. The saerylamide monorizers preferably are alkylated with an alkyl gmup;
such as methyl, ethyl, propyl,' n-butyl, or iso-butyl, and similar alkylated alkylol
acrylamide monomers, wherein the butylated monomers are preferred. Fun;:tional
monomers, include carboxyl, hydroxyl, amino, and amido functional group containing
mo;lomers. Carboxy containing monomers include acrylic acid and lower alkyl
substituted acrylic acids w.herein the preferred carboxylic monomers are serylic and
methacrylic acids. | Hydroxyl containing monomers are hydroxy containing
ethylenically unsaturated monomers including hydroxy alkyl acrylates such as 2-
hydroxy ethyl ~ acrylate .and methacrylate, é%ydfoxsfpfopyl acrylate and
methacrylate, and similar hydroxy alkyl acrylates. Amido containing monomers
include - .ac;'ylamide and methacrylamide or similar alkyl alkylol acrylamide
moncmers. Other reactive monomers include N—methyloi acrylamide or

methacrylamide monomers. The remaining monomers that can be copolymerized

with the alkylol acrylamide monomer and functional monomers to form a reactive

-self-curing polymer ere ethylenically unsaturated monomers such as vinyl monomers,

including for example, vinyl esters such as vii'xyl acetate, vinyl proprionate, vinyl

- AL
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butyrates, vinyl benzoate, isopropenyl acetate and similar vinyl esters; and vinyl
halides such as vinyl chloride. Other ethylenically unsaturated monomers can

include, for example, those monomeric materials exhibiting ethylenic double bond

unsaturation such as polymerizable allylic acrylie, fumarie, maleic, or like

ethylemcauy unsaturated double bond functionality. Further ethylenically
unsaturated monomers can include, for example, styrene, methyl styrenes and
sxmx@ar alkyl styrenes, chlorostyrene, vinyl toluepe, vinyl naphthalene, divinyl
benzene, diallyl phthalate and similar diallyl derivatives, butadiene, alkyl esters o‘f
acrylic and methacrylic acid and similar ethylenicelly unsaturated monomers.
Further suitable ethylenically unsaturated monomers include acrylic unsaturated

monomers such as lower alkyl esters of acrylic or methaerylic acid having an alkyl

-ester' portion containing between 1 to 12 carbon atoms as well as aromatic

derivatives of acrylic and methaerylic acid. Useful ac}ylic monomers include, for

example, acrylic and methaerylic acid, methyi acrylate and methacrylate, ethyl

acrylate and methacrylate, butyl serylate and methaecrylate, propyl acrylate and

methacrylate, 2-ethyl hexyl acrylate and methacrylate, cyclohexyl acrylate and
methacrylate, decyl acrylate and methacrylate, isodecylacrylate and methacrylate,

benzyl acrylate and methacrylate and various reaction products such as butyl,

phenyl, and cresyl glyeidyl ethers reacted with acrylic and-methacrylic _acids,

hydroxyl alkyl acrylates and methacrylates such as hydroxyethyl and hydroxypropyl

acrylates and methacrylates, as well as amino acrylates and methacrylates.
A further improved seli-curing water—dispersed polymer can be produced
by polymerizing the ethylenic monomer mixture including reactive functional

monomer. and alkylol acrylamide monomer with a hydroxy alkyl phosphate ester

monomer containing at least one unsaturated double bond. The hydroxy alkyl
phosphate ester monomer can be‘prepared, for instance, by reacting an acrylic
glycol with phoéphorus pentoxide or reacting an acrylic monoepoxide w.ith
superphosphoric acid to produce & hydroxy acrylic phosphate ester monomer. | The
mixture of ethylenic monomers déscribed above in accordance with this invention

can contain by weight between 1% and 10% hydroxy alkyl phosphate ester monomer

-5-
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to be copolymerized and produce a phosphated seli-curing water dispersed polymer.
As a further variation, the water dispersed self-curing polymer can be produced by
polymerizing the ethylenic monomer mixture including reactive functional ménomer
and alkylol acrylamide monomer in the presence of a high molecular weight epoxy

-

phosphate ester surfactant to provide a self-curing water—dispersed polymer
e;nulsified or otherwise dispersed into water by the epoxy phosphate surfactant. The
epoxy phosphate esters comprise epoxy-phosphate éroduced by reacting between
0.05% and 5% phospho:;ic acid with a‘ relatively high molecular weight adducts of
bisphenol A reacted with low molecular weight epoxy resin such as Dow DER 333.
During the polymerization process, the epoxy phosphate surfactant acts as the
primary surfactant and controls the particle size of tﬁe self-curing copolymer and
further stabilizes the polymer particles as the particle size increases. The foregoing
self-curing water~dispersed polymers containing phosphates provide improved self-
euring reactivity wherein the phosphate functions as a cross-linking promoter.
Further advantages are the phosphate can further participate in the cross—linkiné

reaction and the film properties exhibit improved corrosion resistance.

The reactive self-curing alkylol aerylamide water dispersed polymer

_ preferably is a copolymer prepared by copolymerizing the ethylenically unsaturated

monomers in water by two step polymerization deseribed above through free radical
induced polymerization using peroxy or azo catalysts, common redox catalysts,
ultraviolet radiation or the like. - Free radical initiators also include various

peroxygen compounds such as persulfates, benzoyl peroxide, t-butyl hydroperoxide,

'cux‘nene hydroperoxide, and similar peroxide catalysts; and azo compounds such as

azo bis-isobutyronitrile and dimethylazobis-isobutyrate. Initiating systems further

include alksli metal persulfate or ammonium persulfate with or without a reducing

substance adapted to activate the persulfste. The initiators or catalysts ordinerily

are used at a level of about 0.1% to 1% by weight of monomers. The resulting self-
curing water dispersed polymer contains by weight between 1% and 20% reactive

carboxyl, hydroxyl, amine or amide monomer, and the remaining being other

ethylenically unsaturated monomers. Suitable water dispersed polymers can be

'-s-
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produced by various aqueous polymerization'rnethods. These polymers can include
emulSion polymers produced by emulsion polymerization .of monomers with water
soluble initiator and in the presence of emulsifier; suspension polymers produced by
aqueous suspension polymerization using 8 suspending agent; or microemulsion
p'olymers produced by aqueous microemulsion polymerization -in the monomer
d:'oplets and stabilized by long chain: aliphatic aleohols; or azeotropic emulsion
. polymers produced in a water-solvent azeotropic mixtux;e using soap emulsifiers.
,Other useful water dispersed polymers can be produced by copolymerizationvof the
monomers in water containing an ionizing agent and a minor amount of organic -

cosolvent as disclosed in U.S. 4,218,356.

Referring next to the " epoxy-acrylic copolymers, the ecopolymer

-- comprises epoxy resin coreacted with monomers including acrylic monomers, or

coreagted with preformed acrylic copolymer, to produce an epoxy-acrylic copolymer
comprising coreacted epoxy resin and acrjli'c polymer. The preferred epoxy-acrylig
copolymer comprises an epoxy-aecrylic graft copo_lymer mixture containing epoxz;i
resin, epoxy-acrylic graft copolymer, aﬁd ungrafted addition polymer produced by
polymerizing ethylenically unsaturated monomers in-situ with epoxy resin in the
presence of at lea.zst 3% benzoyl peroxide (or equivalent) as more particularly set
forth in U.S. 4,212,781 and said patent is incorporated herein by reference. The in-
situ polymerization of monomers -generally comprises reacting the ethylenically
unse;turated monomers in the presence of epoxy resin‘ with at least 3% of benzo3,;1
peroxide by weight of the monomer. The .ethylenically unsaturated monomers
include 'eai'boxyl functional monomers including acrylic acid monomer such as
acrylic acid and lower alkyl éubstituted acrylic acids such as methacrylic aecid to
provide carboxyl functionality means .for dispérsing the epoxy—acryli'c copolymer
mixture into water. The preferred acrylic acid is methacrylic acid. The balance of

the monomers preferably are nonreactive under the contemplated conditions of

_ polymerization, although small amounts of other reactive monomers may be used

such as hydroxy monomers illustrated by 2-hydroxy ethyl methacrylate, amide

monomers illustrated by eecrylamide, or N-methylol monomers illustrated by N-

-7~
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methylol acr&lamide. The remaining monomers are nonreactive monomers
iNustrated by acrylate and methacrylate esters, such as ethyl acrylate, methyl
methacrylate, or isobutyl methacrylate, styrene, or vinyl toluene, vinyl acetate,
vinyl chloride, vinylidene chloride, acrylbnitrile, and generally alkyl esters of an
a.vl::rylic acid, generally the lower alkyl esters, that is, those esters i{x which the
esterifying group contains from 1 to 4 carbon atoms, and particularly ethyl acrylate.
‘Other useful monomers in this class include other C, ;. alkyl acrylate esters and
methaerylate esters such as, for example, propyl acrylate, isopropyl acrylate, butyl
acrylate, isobutyl acrylate, tertiary butyl acrylate, pentyl acrylate, decyl acrylate,
lauryl acrylate, isobornyl- acrylate, methyl methacrylate, butyl methacrylate,
isobutyl methacrylate, hexyl methacrylate, 2-ethyl hexyl methaerylate, oetyl
methacryléte, and nonyl methacrylate. Other useful.mon.omers are those readily
;:ommercially available monomers having vinyl unsaturation and include styrenic
‘monomers such .as styrene, vinyl toluene, divinyl benzene, isoprene and butadiene:-
The in-situ formed carboxyl—fuhctional polymer can have a molecular weigh.:‘.
between 5,000 and 20,000 and preferably between 7,000 and 15,000. The carboxyl

content (-COOH) should comprise at least 2% by weight of the monomer mixture and

preferably should be above 5%. The epoxy resin portion of the epoxy-acrylic

copolymer can be either aliphatic or aromatic, although the aromatic epoxy resins

are preferred. The most breferred epoxy resins are polygyleidyl ethers of bisphenol-

A, especially those having 1, 2-epoxy equivalency of from about 1.3 to about 2. The

molecular weight should be from about 350 to about 20,000, and preferably, for
sanitary coating compositibns, from about 4,000 to about 10,000. When the in-situ
polymerie blend contains from 50% to 90% by weight of epoxy resin based on total
polymer soiids, the epoxy resin selected should have a molecular weight in the range
from about 4,000 to about 18,000, particularly for the preparation 6f sanitary coating
compositions. Mixtures of monoepoxides and diepoxides are deﬁirable. Another
procedural varietion is the introduction of the aromatic polyether which is devoid of
oxirane functionality by reacting epoxide groups with benzoic acidg, phenol.or similer
monoraactive epoxide blocking agent. -Still a;lother variation comprises providing an

ennxv phosphate as the epoxy resin component of the epoxy-zcrylic copolymer
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wherein the epoxy phosphate preferably contains up to about 5% by weight

coreacted phosphate. The epoxy phosphate is then coreacted with acrylic monomers
including carboxyl monomers by in-situ copolymerization induced by at least 3%
peroxide catalyst by weight based on monomers to produce an epoxy-acrylie
c9mposition containing epoxy phosphate-acrylic graft copolymér. In preferred
practice, the epoxy resin is a mixture including aromatic polyether devoid of oxirane

functionality, aromatic polyether having a single oxirane group, and aromatie

polyether having two oxirane groups. This mixture of epoxy functionality maximizes

compatability, although the aromatic polyether devoid of oxirane functionality can

be added later, and the mixture can be heated and agitated to enhance the intimacy

of the association between the various components.

" The in-situ formed epoxy-acrylic copolymer can be prepared by in-situ

polymerization of the ethylenic monomer with epoxy resin. The epoxy resin can be

heated in a reactor wherein the polymerizable'monomer can be added slowly over &

4
period of at least two or three hours along with a solvent and a free radical initiator.

Although the reaction may be conducted in the absence of solvent, a solvent system

is preferred for the in-situ polymerization of monomers in the pres.ence of epoxy
resin. A preferred solvent system comprises two rﬁiscible solvents, one of which
di.ssolves the epoxy resin and the other of which dissolves the monomers. 'I‘hé
particular solvents satisfactory ‘,for the .epoxy resin are solvents such as xylene,'
bénzene, ethyl benzene, toluene, and the alko:&y alkanols. For the .monomer,‘
geleohols such as r;lethanol, ethanol, propanol, butanol, and thé‘lil'(e, are suitable, w%th
butanol - being preferred.  Ethylene glycol monobuty! ether, ethylene glycol
monobutyl ether acetate, and the like, hexane, mineral spirits, and the like, are also
suitable. For subsequent dispersion into wat'er, then the solvents selected should be
water-soluble materials, as are acetone, butanol, ethanol, propanocl, ethylene glycol
monoethyl ether, and the like. Ordinarily .the amount of solvent may be in the range
* from about 5% to 30% by weight of the sum of the .othef components. In practiée;
the epoky resin and the mixture of polymerizable monomers are reacted together in
the presence of a free radical initiator, preferably of the peroxide type, and benzoyl

peroxide is most preferred. Typical and useful free radical initiators include cumene
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hydroperoxide, benzoyl peroxide, t-butyl perbenzoate, t-butyl peroxide, lauroyl

peroxide, methyl ethyl ketone peroxide, i:hlorbenzoyl peroxide, and the like.
Benzoyl peroxide is preferred as the fyee radical initiator for use in the practice of
the present invention. The arr.lount of free radical catalyst is expressed in terms of
p;?rcehtage by weight of benzoyl peroxide based on the total we_ight -of the
polymerizable monomer, or egivalent, at the temperature of use. The amount of
catalyst should be at least 3%, and preferably more than 4% by weight of benzoyl
peroxide or equivalent based on .monomer weight. The reaction temperature
preferably is maintained in the .range from about 80°C to ébout 130°C, although the
temperature may be adjusted within a relatively wide range to accommodate the

reactivity of the mixture. Thus, operating temperatures in the range from about

30°C to sbout 200°C are feasible, depending upon the end results and operating
conditions selected. After the monomers are added, the reaction mixture is

normally held for up to three hours at reaction temperature to complete the.

. monomer conversion. The in-situ polymerization of the monomers produces an in- .

situ formed carboxyl functional polymer containing at least about 20% of

polymerized monoethylenically unsaturated carboxylic acid monomer based on the

- total weight of monomers as well as epoxy-acrylic graft polymer and ungrafted

epbxy resin, as more particularly set forth in U.S. 4,212,781

The.r epoxy-acrylic copolymer also can be an epoxy-acrylic ester

- copolymer produced from previousiy deseribed epoxy resin and copolymerized

monomers including ecarboxyl monomers wherein the epoxy-aerylic copolymer
comprises acidic or carSoxylic copolymer esterified with epoxy resin. The epoxy-
acrylic ester can be produced by esterifying a solvent-soluble carboxy functional
polymer with an epoxy resin wherein the esterification reaction is carried out
preferably in an organic solvent and in the presence of sufficiently high amounts of
amine catalyst to produce a nongelled epoxy -ester copolymer. The esterification
reaction is carried -out in the presence of am@ne catalyst in sufficient amounts
greater than catalyic amounts of 0.3% to avoid gellation and preferably in the
presence of greater than 2% amine esterification catalyst based on the weigk;t of

reactants subject to esterification to produce an epo{:y-acrylic ester. The
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preformed aerylic polymer preferably comprises copolymerized ethylenically
unsaturated monomers including at least about 20% by weight of copolymerized
monoethylenically unsaturated carboxylic acid monomer based-on the total weight of
copolymer to produce a carboxyl functional prepolymer. The epoxy resin portion
c.omprises at least sbout 40% of the epoxy-aecrylic ester polymer and provides an
ox‘irane functionality in a stoichiometric deficiency with respect 1:0 carboxyl
functionality in the carboxyl preformed polymer ,in‘a ratio of about 1:2 to 1:20
whereby the excess carboxyl funectionality in the epoxy-acrylic ester provides a
means for dispersing the polymer into water by reacting with a base to render the
_ reaction product self-emulsifiable into water, as fﬁrthér described in detail in EPO
publ_icatipn Serial No. 0 006 334 published January 8, 1980.

' | Still a further alternative for producing the eboxy-;acrylic copolymer

comprises reacting the epoxy resin with a p_reforx_ned carboxyl polymer of

polymerized ethylenically unsaturated monomers in the presence of amine and

considerable amounts of water to-produce a complex quaternary ammonium-amine'

salt linkage in the epoxy-acrylic copolymer such as disclosed in U.S. 4,247,439, Still
a further variation of the epoxy-acrylic copolymér can comprise forming a
preformed carboxylic polymer of polymerized ethylenic monomers including

carboxyl monomers in the presence of melamine resin followed by reacting the

preformed carboxyliec polymer with epoxy resin in the presence of high amounts of -

amine as suggested in U.S. 4,289,811

The epoxy-acrylic copolymer can further consist of an epoxy phosphate
ester and an acrylic copolymer to produce the epoxy-acrylic portion of the mixture
containing the self-curing water-dispersed polymer. The epoxy phosphate ester can
be produced-by reacting a high molecular weight epoxy resin with 0.05% to 5%
phosphoric acid. The acrylic copolymer preferably is a resinous polyelectrolyte
polymer produced by polymerizing ethylenic monomers inéluding acrylic monomers

and ionizable functional monomers, such as acrylic or methaerylic acid, in water

containing an ionizing agent for ionizing the functional groups of the functional

monomers.

ey = e e s
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Referriné next to an optional but & preferred inclusion of a phosphated
polymer in the polymeric blend of this invention, the phosphated polymer can include
mono- and di-alkyl esters of phosphorié acid, phosphated epoxidized oil, phosphated
epoxidized polybutadiene copolymers, phosphat.ed agrylic copolymers, phosphated
polyesters, phosphated copolymers cohtaining copolymerized phosg;hate monomer,
epoxy phospha_te, and phosphated epoxy-acrylic copolymer. |
Phosphated esters of alkyl alcohol can comprise a mixture of mono- and
di- alkyl esters of phosphoric acid produced by reacting phosphoric acid with
aliphatic alcohols containing between 2 and 20 carbon atoms and preferably between
4 and 8 carbon atoms.as suggested in U.S. 2,005,619, Other water dispersed
phosphated copolymers éan be produced by pblymerizing monomers in water
containing an jonizing agent and a minor amount of organic cosolvent such as
suggested in U.S. 4,218,356 wherein the polymers are phosphated. The water
dispersed phosphated copoly;mers can comprise an aqueous dispersion of a resinous
polyelectrolyte formed by the addition polymerization in water of ethylenically’
unsaturated monomers, including at .le&;st a porti.on of the mono;ners having
functional groups ionizable in water such as c'arboxyl groups, wherein the ‘water
contains an ionizing agent for neutralizing at least a portion of the funcfional groups
in the resulting copolymer, as set forth in. U.S. 4,218,356. The phosphated resinous
polyelectrolyte can ‘be produced by ﬁroviding an aqueous medium containing a.
cosolvent, adding the lonizing - agent in advancc; of or concurrently with the-

monomers, polymerizing the monomers by free-radical poljzmerization until the

water—.dispersed resinous polyelectrolyte is formed, and then phosphating the

remajr;ing oxirane groups to produce a phosphated water-dispersed polymer.
Phosphated epoxidized oil can comprise a phosphated ester of epoxidized
oil or epoxidized polybutadiene copolymer by reacting the epoxidized polymer with

up to about 5% phosphoric acid. Phosphated acrylic copolymers can be produced by

reacting an acrylic copolymer containing oxirane or hydroxy functionality with

phosphoric acid. The acrylic copolymer can be produced by reacting ethylenically

unsaturated monomers, particularly including glycidyl écryl_ate or methacrylate or

. I
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hydroxy functional monomers as well as other ethylenically unsaturated monomers
such as methyl methacrylate, butyl m;-:thacrylate, hexyl methacrylate, octyl
methacry'late, isodecyl methacrylate, stearyl methaerylate, mef‘.hyl acrylate, ethyl
acrylate, butyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, decyl
ascrylate and dodecyl acrylate, substituted alkyl esters, for example, hydroxyalkyl
esters such as hydroxyethyl and ﬁydroxypropyl acrylate and méthacrylate, styrene;
alpha-methyl styrene, alpha-chloro styrene and vinyl toluene. Phosphated aérylic
copolymers comprise phosphoric acid reacted witl_] acrylic copolymer containing
oxirane or hydroxy functionality wherein the aerylic copolymer comprises
, copolymerized.ethylenic monomers including glycidyl acrylate or methaerylate or
hydx"oxyl functional monomer.

Phosphate;ﬂ polyesters can be hydroxy terminated poli;g—:sters reacted with

phosphoric acid wherein the polyesters oréinarily agre dicarboxylic saturated or

unsaturated acid esterified with simple glycols.” Glycols include ethylene glycol,

_propylene glycol, diethylene glycol, dipropylené ‘glyeol, 1,3 or 1,4 butanediol:
hexanediols, as well as minor amounts of polyols such as pentaerythritol, triethylene
glycol, trimethylol propane, or glycerol. The unsaturated dicarboxylic acid
) co.mponent can be elpha-beta unsaturated diecarboxylic acids or anhydrides such as
maleie, fumarif:, itaconic or the like. Saturate& dicarﬁoxylic acids or anhydrideé

include phthalic anhydride or acid,' terephthalie acid, isophthalic acid, adipic acid

b4

"sebacic acid, succinic acid or similar saturated acids or anhydrides. Monocarboxylic

acids or fatty acids can be added to a minor amount and can include lower alkyl

acids ‘as well as lauric acid, palmitic acid, myristic acid and stearic acids. The:

hydroxyl terminated polyester is produced by reacting excess equivalents of glycol

and polyol with lesser equivalents of carboxylic acid whereupon the excess hydroxyl
groups are phosphated with phosphoric acid. Similarly, polyester containing terminal
glycidyl groups can be reacted with phosphoric acid-to produce a phosphated

polyester.

Phospﬁated copolymers can be produced by copolymerizing ethylenic

monomers with a phosphated hydroxy ethyl acrylate or similar phosphated

--]3-
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monomers. Phosphated copolymer based on copolymerization of ethylenically
unsaturated monomers in combination with phosphated ethylenically unsaturated
mc;nomer can be produced by polymerizing the ethylenic monomers previously
de§cribed with the phosphate monomer in ar'l agueous polymerization process such as
emplsion, suspension, aqueous jonic resinous polyelectralyte dispersion,
microemulsion azeotropic and similar process previously deseribed herein. .
Phosphated epoxy-acrylic copolymers can be produced by reacting
ethylenic monomers_ineluding ethylenic carboxyl monomers in the presence of epoxy
phosphate resin by in-situ polymerization to produce phosphated epoxy graft
copolymer. Other phosphated epoxy-acrylic copolymers can be produced by reacting
epoxy resin with preformed acrylic carboxyl copolymer in the presence of high
amounts of amine to produce an epoxy-acrylic ester copqumc.er or in the presence of
amine and water to produce an epoxy-acrylic quaternary ammonium copolymer
wherein the phosphoric _acid is coreacted either before or after the epoxy aecrylic
copolymér formation. Another bhosphated epoxy polymer comprises an epoxy;
polymer coreacted with phosphorio acid to produce a phosphated epoxy ester
polymer. The phosphated epoxy polymer contains on an equivalent basis at least
about 0.1 equivalent of phosphate per equiva}ent of epoxide and preferably about 0.1
to 1 equivalent of phosp'hate per epoxide equivalent on the epoxy polymer. Thus, a
mole of monoepoxide polyn;er can contain up to about 1 mole of phosphate whereas a ~
mole of a diepoxide polymer can contain up to 2 moles of phosphate. On a weight

basis, the phosphated epoxy polymer contains between about 0.05% and 5%, and

- preferably between 0.1% and 3% coreacted phosphoric acid, although excess molar

amounts of phosphate reactant in any appreciable amount is undesirable. The
phosphated ;apcxide resin can be synthesized by heating & solution of epoxy polymer
dispersed in a suitable solvent such as methyl ethyl ketone or 2—bﬁtoxy ethanol and
then rescted with phosphoric seid or breferébly_ polyphosphoric acid at reflux
temperatures of 120°C to 145°C for sufficient time, typically 2 to 8 hours, to
completely react the phosphoric acid with available epoxide groups. The preparation

of epoxy phosphate resins are shown -in U.S. 4,289,812 end U.S. 4,316,922. In a
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urther- variation of this aspect of the invention, the epoxy' phosphate can be
roduced by reacting & non-phosphated epoxy resin with an epoxy resin containing
iigher levels of phosphate, provided that the resulting epoxy resin mixture contains

»etween about 0.05% and 5% by weight coreacted phosphoric acid. For instance, &

velght ratio of 9 parts non—phosphatéd epoxy mixed with 1 part phosphated (10%) -

:poxy resin reacted together at temperatures about 120°C for at least 2 hours
srovides an epoxy phosphate containing 1% coreacted phosphoric acid in accordance
vﬁth this invention. In practice,' 'ghe non-phosphated epoxy resin is reacted with
~ phosphated (10%) epoxy resin at sufficiently high temperatures for time sufficient to
convert the mixture to predominately a monophosphate, which can be enhanced by
the addition of about 2% water based on solids to hydrolyze the phosphated mixture
and prefera'bly convert the mixture to a predominately monophosphated epoxy resin.
The epoxy [;hosphate containing between 0.05% and 5% coreacted phosphoric acid in
accbrdance with this invention then can be dispéi*éed into an amine and water-
mixture be mechanical mixing. The resulting aqueous dispersed epoxy phosphate can’
be added to the epoxy-acrylic copolyme.r rr;ixture and :the self-curing water dispersed
polymer in accordance with this invention.

A highly desirable sprayable coating composi;cion can be produced based
on the reactive self-curing polymer' b}ended with amounts of epoxy-acrylic
copolymer and phosphated. pf:lymer as t'he matrix polymer. Broadly the composition'

can comprise between sbout 5% and 99% self-cur.ing polymer, 1% and 70% epoxy-
acrylic copolymer, and 0% and 50% phosphated polymef. Preferred c;oating
compo.sit.ion's of this invention contain a polymer blend on a weight basis comprising
betwe;an 40% and 20% reactive self-curing. ’i_)olymer, betv;reen about 1% and 30%
epoxy-acrylic copolymer, and between 0% and 30% and preferably 2% and 20% and
most prefe;ably between 3% and 15% phgsphat.ed polymer. The foregoing binder
matrix polymer compositions are then mixed with a water-dispersible cross-linking
component generally referred to as aminoplast t;esins adapted to heat cure and

cross-link with the carboxyl functionality of the epoxy-acrylic copolymer mixture.

On a polymer weight basis, the coating composition binder contains between 0% and
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7 15% but preferably between 1% and 10% aminoplast cross-linking resin mixed with
between 85% and 100% of the above indicated matrix polymer compositions.
.Referring next to the aminoplast eross-linking resins, aminoplasts are
melamine or melamine derivatives such as methylol melamine or similar alkylated
melamine formaldehyde resins. Aminoplasts further include benzoguanamine,
acetoguanamine, as well as ureaformaldehyde. Commercially available aminoplasts
which are water—-soluble or water-dispersible for the instant purpose include Cymel
301, Cymel 303, Cymel 370, and Cymel 373 (all being products of American
Cyanamid, Stamford, Conn., said aminoplasts being melamine based, e.g.,
hexamethoxy-methyl melamine for Cymel 301), and Beetle 80 (products of American
Cyanamid which are methylated or butylated ureas).. Other suitable aminoplast
resins are of the tybevproduced by’ thé reaction of aideh&de and-formél guanﬁnﬁﬁ;;p
'ar;xmeline; 2—chloro-4,6-diamine—1,3,5—triaziﬁe§ 2-phenyl-p-oxy-4,6-diamino-l1, 3,5~
triazine; and 2,4,6-triethyl-triamino-1,3,5-triazine. = The mono, di-, or tri-aryl"
melamines, such as 2,4,6-tripheny1—tria-mino-1,3,5-—triazine, are preferred. '
The water-dispersed coating compositions can be produced by mixing
together the various water-dispersed polymers. The self-curing polymer is prepared
-in .aqueous medium. The aminoplast polymer can be dispersed i.nto water by
mechanical mixing. The epoxy-scrylic copolymer and phosphated polymer.can be
prepared in solvent and then subsequently dispersed into water using & fugitive base
such as primary, secondary, and 1':ertiary alkyl, alkanol, aromatic arﬁines, or
alkanolalkyl mixed amines such as mono-ethanol amine, dimethyl ethanol amine,
dietha;nol amine, triethyl amine, dimethyl aniline, ammonium hydroxide, and the
like, as more particularly deseribed in U.S. 4,212,78l. Alternatively, one of the
polymers of the blend can be produced in the presence of one of ‘the other polymers
in the polymeric blend of this-invention. For instance, the water dispersed self-
curing polymer comprising polymerized monorr;ers including alkyl alkylol aerylamide
.mor;omer can be poiymerized'in the presence of -either the epoxy-acrylic copolyﬁer
or the phosphated polymer or in a mixture thereof. Similarly, the epoxy—acryl'ic

copolymer or the phosphated polymer can be prepared 'by ip—sitlx polymerization of

Al ¥ -0
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the monomers in the presence of the other preformed polymer or by in-situ

polymerization in the presence of the self-curing polymer. The amount of water

contained in the coating composition containing the epoxy-aci'ylic copolymer, the ~ "

reactive self-curing polymer, the phosphated polymer, and the aminoplast resin
d.epends on the viscosity desired, whieh in turn, relates to the method of application.
F:)r spraying, preferably the coating composition contains between .abc;ut 10% .and
30% by weight polymeric solids relative to 70% to 90% water including other
volatiles such as minor amounts of solvent. Fo;- applications other than spraying, the
aqueous polymeric dispersions can contain between about 10% and 40% by weight
water. Organic solvents can be utilized to facilitate spray or other applications
methods and such solvents include n-butanol, 2-butoxy-ethanol-l, xylene, toluene,

and preferably n-butanol is used in combination with 2-.-butoxy-ethanol-l. The

coating composition of the present invention ean be pigmented and/or opacified with

known pigments and opacifiers. For many uses, 'including food uses, the preferred.

pigment: is titanium dioxide. The resulting aqueous coating composition can be
applied satisfactorily by conventional methods known in the coating industry. Thus,
spraying, rolling, dipping, and flow coating application methods can be used for both

clear and pigmented films, although spraying is preferred. After application onto

thé metal substrate, the coating is cured thermally at temperatures in the range

from about 95°C to about 235°C or higher for time sufficient to effect complete-

curing as well as volatilizing of any fugitive component therein. Upon heat ecuring,

the reactive self-curing polymer is believed to become reactive and self-curing

wherein the alkyl chain of the alkoxy acrylamide splits from the. alkylol acrylamidé
chain whereby the acrylamide chain of the polymer reacts with the functional
monomer groups of carboxyl, hydroxyl, or amido groups, or can react with the
carboxyl or hydroxy! functionality in the epoxy-acrylic copolymer mixture as well as
the epoxy phosphate and the aminoplast resin.

For metal sheet substrates intended as beverage containers and
particularly for carbonated beverages such as beer, the coating should be applied at

a rate in the range from 0.5 to 15 milligrams of polvmer coating per square inch of

s e
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exposed metal surface. To attain the foregoing, the water—dispersible coating as

applied can be as thick as 0.1 to 1 mil.

For a better understanding of the present invention, the following

examples are provided. In this application, all parts are parts by weight, all

perFentages are weight percentages,” and temperatures are degrees Centigrade

unless otherwise expressly noted.
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EXAMPLE1 S

Preparation of Self-Curing Copolymer

"A two stage thermosetting acrylie emulsion copolymer containing
styrene/ethyl acrylate/methacrylic acid/N-isobutoxy methylol aerylamide was
prepared by loading 100 parts of deionized water and 0.80 parts sodium dihexyl
sulfosuccinate into the reactor and heating under nitrogen sparge with agitation to
76-77°C. At equilibriated reaction temperature the nitrogen sparge was removed and
0.10 parts ammonium bicarbonate added. A mixture of 3.0 parts styrene and 2.0 parts
~ ethyl acrylate was then added to the reactor and emulsified 10 minutes, whereupon
0.25 parté ammonium persulfate were added and allowed to react 20 minutes before
starting monomér stage number one.

Monomef stage number oné contained 33.0 parts styrene, 26.5 parts ethyl
acrylate and 3.50 parts methacrylic acid. " This monomer stage was added at a
crimstant rate to the reactor so that addition was co;nplete after 3.0 hours. Monomer
.stage number two consisted of i4.0 parts styrene, 1.5 parts ethyl acrylate, L5 parté
methacrylic acid and 5.0 parts N—isobutoxy' methylol aerylamide, and was added
continuously to the reactor during 1.25 hours. After monomer mix number two was
completed, the bateh was held for 2 hours at the reaction tempera"cure' before cooling
and filtration.

Mono.mer stage sizes are not necessarily confined to those described in
this example. Satisfactory spray c;haracteristics were obtained when - the first
stage/second stage ratio was maintained at a weight ratio of between 25/75 and

75/25.7

EXAMPLES 2-10

In a manner similar to Example 1, additional self-curing copolymers were

prepared with the alkylol aérylamide in the second monomer stage.
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EXAMPLES 11-13

In contrast to Examples 1-10, emulsion polymers were prepared containing

n equal quantity of alkylol acrylamide in both monomer stages.

TABLE 2
' Ex. Il Ex.12 -  Ex.13
\lkylol Acrylamide ) NMA ' NiBMA " NiBMA
\lkylol Acrylamide Level 3.0 5.0 10.0
>arboxyl Monomer Level 5.0 5.0 5.0 .
>olymer Tg 30 40 - .50
- EXAMPLE 14

\) Preparation of Epoxy-Aecrylic Copolymer

An epoxy-acrylic graft copolymer was prépgred acc;'.)rding to the following
rocedure: 2.31 pounds of epoxy resin (DER-333) were heated in an agitated reactor
o about 82°; 1.17 pounds of bisphenol—A- were added with agitation. The reactor ther;‘l
vas heated to about 191° over a period of about 2 hours and held there for an
dditional 2 hours. Periodic testing for viscosity and percent oxirane was made. '
‘arget oxirane value was about 0.6% and viscosity at 25°C between Z and Z
G&;rdner-Holt). When these values were obtained, 1.35 pounds of 2-butoxy-ethanol-l

rere. added, followed by 2.03 pounds of ‘N-butanol. The molecular weight of the
:‘poxj resin at this point. was about 5,500 based on oxirane content. In a séparate

' 'essel, there yvas .loaded and mixed the following: 0.64 pounds' of 'methacrylic acid,
.4 pounds of styrene, 0.44 pounds of ethyl acrylate, and 0.1 pounds of benzoyl
eroxide. This monomer mixture was a_dded gradually to the reactor containing the
;poxy resin over a period of 2 hours at uniform rate. The reaction temperature was
naintained at 118°. Viscosity was checked periodically on samples. The batch was
.ooled to 85°%; its Acid Number on solids W&:S 8s.

. The resin batch then was fed into an agitated reducing vessel containing a

nixture of 10.95 pounds of deionized water (resistivity at least 50,000 ohm-cm) and

-9~
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0.57 pounds of dimethylethanolamine. The température of the resulting blend was

50°. It was held there for about an hour, then the blend was cooled to below 32° by

adding 5 pounds of the cool deionized water.

B) The Effect of Variation in Composition

In the above example, the amount of benzoyl peroxide employed during

| . :
the reaction was sbout 6.8% by weight based upon the monomer mixture. To
demonstrate the effect of changes in composition with respect to proportions of the

epoxy resin and the several monomers in the monomer mixture, several variations

were made in Table 3-belov.:. '

TABLE3
- vise Epoxy Resin ~ MAAZ  sTS eat Acid Number
U 70 13 8 9 . -85
Z-Z) 30 13 34 23 85
z-Z, 70 13 77 0.3 85 .
z-Z, 80 13 6.8 0.2 85 '
50 32.5 17.0 0.5 210
Y 60 92575  13.85 0.4 168
'-zs 80 13 68 . 0.2 8

1'\(iscosi'cy of epoxy resin at 40% NV in 2-butoxy ethanol

2MAA = Methaerylic Acid

3ST = Styrene

4ga = Ethyl Acrylate

.
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EXAMPLE 15

Epoxy Phosphate Synthesis

Procedure A

R The epoxy phosphate was prepared according to the following procedure:
100? gms. of epoxy resin (DER-333) and 340.5 gms. of bisphenol-A and 178 gms. of

butyl cellosolve were heated to 140°C in a 5L round bottom flask equipped with

stirrer, condenser and thermometer. When the temperature was at 140°C, the heat
was turned off and the exothei‘m raised the temperature to 188°C. After the

exotherm was peak, the bateh was kept at 175°C for an additional 5 hours. Periodic

testing for viscosity and percent oxirane was made. Target oxirane value was about

2.28% and viscosity at 40% non-volatile betweén I~-d. When these values were
obtained, 227 gms. of butyl cellosolve were added, and the bateh was cooled to 120°C.
When the bateh temperature was at 120°C, a mixture of 63.64 gms. of 85% phosphoric

acid and 20 gms. of butyl cellosolve was added dropwise. The exotherm raised the

‘bateh temperature to 145°C. The bateh was eooled to 120°C and held for a half hour:

Twenty-seven gms. of ‘water were added to the reaction mixture and the batch was
held at 120°C for an additional 4 hours. After the hold, 241 gms. of butanol, 78 gms.
of butyl cellosolve, 122.5 gms. of dimethylethanolamine and 2,500 gms. of deionized

water were added respe'etively. The final mixture was agitated for 2 hours to obtain

a stable emulsion.

-

Procedure B

Epoxy phdsphate was produced by adding 816 gms. of epoxy resin (DER~
333), 384 gms. of bisphenol-A, and 163 gms. of butyl cellosolve in a 5L round bottom
flask equipped with a stirrer., condenser, and thermometer and heated to 140°C. When
the temperéture was at 140°C, the heat was turned off and the exoiherm raised the
temperature to 155°C. After the exotherm was peak, the heat was turned back on to
keep the temperature at 175°C for an additional 2 hours.

Periodic testing for

viscosity and percent oxirane were made. Oxirane value was about.0.87% and the

viscosity was X-Y at 40% NV in butyl cellosolve. When these values were obtained,

163 grams of butyl cellosolve were added, and the batch was cooled to 125°C. Mixture

0o
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f 14.2 gms. of polyphosphorie acid (FMC) and 50 gms. of butyl cellosolve was added
ver 45 minutes, 30 gms. of extra butyl cellosolve was added as line rinse. The bateh
sas held at 120°C for 1 hour. Then 23 gms. of DI water were added to the reaction
ni;cture and the held batch was at 120°C for 8;1 additional 2 hours. After the hold
ime, the heat was turned off and 203 gms. of butanol were added over 8 minutes.
550 gms. of DI water anci 17.4 gms. of dimethyl ethanolamine were heated in a

etdown container to 66°C. The above resin was dropped slowly into water amine

nixture to form a stable emulsion. The resulting emulsion was adjusted to 25% NV by

- 1dding 1000 grams of DI water and stirring continued for 2 hours to insure an
10mogeneous mixture.
In accordance with the Procedure A or B, various epoxy phosphates were

sroduced with the following molecular weight variation.

TABLE4
Molecular : . .
Weight % Oxirane % Acid - . %RV Emulsion
3410 0.34 | 0.35 " 30.3 Good
6150 0.52 0.39 34.4 Good"
4000 0.80 0.92 34.9 Good
3080 104 0.92 32.8 Good
2500 1.26 2.30 23.0 Good

1400 2.28 ' 4.20 224 Good

———
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- EXAMPLE 16

Polymeric Blend

"About 860 gms. of emulsion copolymér from Example 1 were added to a 5L
reaction flask along with additional deionized water to provide a NVM of sbout 23%.
This mixture was agitated slowly to avoid foaming for about 15 minutes. Thereafter,
a premix of 15.5 grams of DMEA and 82.8 gms. of water were added with continued

agitation for about 30 minutes. About 72.8 grams of butoxy ethanol were added and

agitated for 30 minutes. Thereafter, about 220.8 grams of epoxy phosphate from

Example 15 and 815 grams of epoxy acrylic copolymers from Example 14 were added

slowly over a time period of about 1 hour. The 258.3 grams of n-butanol were added

Then about 31.3 grams of

aminoplest resin Cymel 303 were added and mixed in for about 15 minutes. About 68.1

grams of deionized water were added followed by additional mixing of about 1 hour

and then filtered. _

The resulting polymeric mikture provided an excellent spray applieé

coating on the interior of cans.
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To demonstrate the effeet of changing the compositions of epoxy
phosphate, water dispersed copolymer, and epoxy acrylic copolymers, several blend
"compositions are shown in Table 5. The epoxy phosphate was Example 15, the epoxy

'a'crylic was Example 14(a), and the water dispersed copolymers were from Examples 1-

10,
TABLE 5
% BY SOLID CONTENT - - o - (.JOATING'PROPERTIES
Water .
Epoxy Dispersed Epoxy - Spray MEK Water
Phosphate  Copolymer Acrylic Result Rubs Resistance Porosity
0 ) 75 25 ' ~ Good Pass Fair Fair
5 80 15 Good Pass  Good Good
10 80 10 Good Pass  Good Good
15. _ . - 80, ] Good Pass Good Good
20 . 80 6 -  Poor,  Pass Good Good
5 S0 5 . Fair Pass Good Good
10 75.. 15 Good  -Pess Good Good
0 90 10 - Feir . Fail Poor Poor
10° 60 30 Good  Pass  Fair Fair
10....... 40 - 50 Good Pass Good Good -
8 84 8 Good Pass Good = Good
5 85 | 10 Fair Pass Good Good
5 . 95 0 Poor Pass Fair Fair
30 - 10 60 Good Pass Good Good
40 - 20 40 Fair Pass Good Good
50 30 20 Fair -Pass = Good Good

28 30 42 Good - Pass Good Good

- . meme w e b
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EXAMPLE 17

Polymeric Blend for Coating

In a2 manner similar to Example 16, a coating composition was prepared as
follows. About 1031 gms. of emuision from Example 13 were'added to a 5L reaction
fl:ask along with 922 gms. of deionized water. This mixture was agitated slowly to
avoid foaming. -A premix of 18.7 gms. of DMEA and 40.0 gms. of wate;' were édded
with continued agitation for Vabout 30 minutes. Then 73.6 gms. of butoxy ethanol
were added and agitated for 30 minutes. Thereafter, 263.7 gms. of n-Butanol were
added and blended with increased agitation for about 15 minutes. Then 354.0 gms. of

epoxy acrylic copolymers from 'Example 14 and 183.0 gms. of epoxy phosphate from

_ Example 15 were added slowly over a time period of about 1 hour. Té the resulting

polymeric -mixture, 31.3 gms. of amino-plast resin Cymel 303 was then added to

provide an excellent sprayable can coating composition particularly useful for spray

application to interiors of beverage cans. Coating spray applied to cans were heat

cured and provided excellent cured interior can coatings. .'

EXAMPLE 18

Polymeric Blend for Coating

In & manner similar to Example 16 a coating composit-ion was prepared as
foilows. About 1000 gms of emulsion copolymer from Example 1 were added into a 5L
reaction flask with sli.ght agitation. A pz:emix of 18.1 gms. of DMEA &nd 37 gms. of
water were added slowly to the latex with continued agitatﬁion. About 226 é‘ms. of
BuOH were adéeci over a period of 1 hour. Thereafter, about 711 gms. of epoxy acrylic
copolymers from Example 14 were added over 15 minutes. Then about 72.5 gms. of
butoxy ethanol were added and followed .by 800 gms. of deionized water. The mixture
was agitated continuously for an additional 1 hour. The resulting polymeric mixture
was mixed with an aminoplast erosslinking agent-to obtain an excellent spray applied

coating for the interior of cans. Spray applied coatings to cans were cured and

- provided excellent interior can coatings.

-27-
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EXAMPLE 19

-

Polymeric Blend for Coating

_ In a2 manner similar to Example 16,' a coating composition was prepared as
- follows. About 1000 gms. of wa.ter dispersed copolymer from Example 13 were added
| to 770 gms. of deionized water in a éL reaction flask with slow agitation. A premix
of! 18.4 gms. ‘of DMEA and 100 gms. of water were added with cqntinued:agitation for
ébout 30 minutes. Then a premix of 72 gms. of butoxy‘ethanol, 226 gms. of n-butanol,
and 130 gms. of water were added and blended for 30 minutes. About 716.8 gms. of
epoxy acrylic copolymers frc;m Example 15 were added over 30 minutes and followed
by 32.8 gms. of aminoplast resin Cymel 303 and 80 gms. of water. The resulting
polymeric mixture was agitated for another 2 hrs. for complete mixing. The resulting
coating was spray applied to interiors of cans and heat cured to produce an excellent
interior can coating. |

EXAMPLE 20

.
1
.

Polymeric Blend for Coating t

In a manner similar to Example 16. a coating composition was prepared as
follows. A mixture of 500 gms. of emulsion copolymer from Example 1 and 500 gms.
of deionized water were loaded into aSL reaction flask. A premix solution of 10 gms.
DMEA and 100 gms. of deionized water were added to emulsion over 30 minutes.
Then 243.0 gms: of ep'oxy phosphate from Example 15 and 1326.1 gms. of epoxéf acrylic
copolymers from Example 14 were added with increased agitation over 1 hour. About
87 gms. of n-butanol and 30.5 gms. of Cymel 303 were added and followed by 340
gms. o.f. deionized water. The {inal polym_eric mixture was agitated for another hour.
The coatings from this process provided excellent spray applied coatings. The cured

films exhibited excellent film integrity properties.
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~ benzoyl peroxide was slowly added to the refluxing solvent.
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EXAMPLE 2 o

Preparation of epoxy-acrylic ester eopolymer

(a) Epoxy resin. To a 12-liter round-bottomed, .4-necked flask was
chdrged 4144 g. of a liquid spray resin, DER 333 (from Dow Chemical Company,
Mid}and, Michigan), 2135 g. of bisphenol A, and 409 g. of 2-butoxy-ethanol-l. A

water-cooled condenser was placed on one neck of the flask, an air driven

‘mechanical stirrer was placed through the second neck, and a nitrogen feed was

placed through the third, and a thermometer was placed through the fourth neck of
the flask. Heating was started and the mixture in the flask was stirred under a

vacuum of 15 inches. The temperature was raised to 140°C whereupon the heating

- and vacuum were discontinued. About 40.g..of a volatile was collected comprising

-

water, xylene, (from DER 333) and Z—butoxy-ethanol—l; . The exotherm carried the
reaction temperature to about 175°C, where it was held for 5 hours. The viseosity of
the "epoxy resin after one hour was Y Gardner-Holt (40% solution in 2-butoxy- -
ethanol-l), Y+ after 3 hours, and Z after 5 hours. At the end of the 5-hour hold, 1012 ;
g. of 2-butoxy-ethanol-l wsas aqded, and the epoxy solution was let to cool to room
temperature.

(b) Acrylié terpolymer. To a 12 li.ter 4-necked round-bottomed flask was
chal.'ged 5503 g. of n-bx.xtanol. Through the 4 necks were placed a water cooled
c¢ondenser, an air-driven méchanical stirrer, a thermometer-nitrogen inlet line and
monomer addition funnel. The solvent was heated to 113°C. ‘A monomer mixture of
1764 g. of methaerylic acid, 924 g. of styrene, 26 g. of ethyl acrylate, 182 g. of
The addition to.ok 2

hours, and the reaction mixture was held at 114°C for another hour before cooling to

- room temperature. The non-volatile of the reaction mixture was 347.

Epoxy-Acrylic Ester Copolymer

Into a 5-liter round-bottomed, 4-necked flask was charged 1306 g. of
epoxy resin (a), and 694 g. of the acrylic resin (b). The reaction mixture was stirred
under nitrogen sparge and heated to 105°C and held at that temperature for 4 hours.

At the end of the hold, 2316 g. of dimethylethanol amine and 144 g. of 2-butoxy-
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thanol-l were added in 4 minutes, and the reaction mixture was held at 102-105°C
or 1/2 hour. The viscosity of the resin is U 1/4, (from 1 part resin, 1 part pyrol). Into
. 2 gallon stainless steel container was charged 2043 g. of deionized water ar;d 86.1
- of dimethylethanol amine. The container was placed on a hot plate so that the
:emperature of the water was 50°C before 1500 g. of the resin from the 5-liter flask
whs dropped into the agitated water. An emulsion formed easily and thé non;
volatile of the emulsioh wa§ 23.5% viscosit& Ford #4 cup,'38 seconds, acid number
34.1 and base number 76.4.

Binder Composition 7 Sl

A binder ecomposition was produced by mixing the following:

1200 gramé'c;f—e—m_ulsion copolymer of Examélé 1

893 grams of deionized water
.21.7 grams dimethyl ethanolamine

86.8 grams of deionized water

106.7 grams of 2-butoxy-ethanol-l ;
225.5 grams of epoxy phosphate . ‘
284.3 grams Epo'xy-acrylic Ester from above

363.6 grams of n-butanol |

32.7 grams of Cymel 303

400.5 grams of deionized water. :

 The foregoing blend was evaluated as an interior can coating. NVM was 18.8%;-
viscosity was 15 ;teconds #4 Ford cup; Acid No. = 35.5; base No. = 29; percent
neutralization was 81.7%; organic solvent/solids ration was 0.9; 2-butcxy-ethanol-
1/n-butanol ratio was 30/70; and Cymel was 5% based on solids.

The coating formed & clear contiﬁuous coating upon air drying as well as
upon baking. The coating had a wedge bend failure of 24%; pasturization at 170°F

for 10 minutes produced a slight blush; blush adhesion was excellent; porosity ratio

‘less than I; MEK rubs of 24 overall; and general film properties were excellent.
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Preparation of Epoxy-Acrylic Graft Quaternary Ammonium Copolymer.

.High molecular weight epoxy resin was prepared by reacting 438 g. of
Epon 828 (liquid epoxy resin, Bisphenol type from Shell Chemical Co., Houston,
Texas), 248 grams (g.) of Bisphenol A in 125 g. of 2-butoxy-ethanol-l and 23 g. of

1 .
xylene. 0.32 g. of sodium acetate trihydrate in 3.6 g. of water was now added. The

reaction mixture was charged into a 12-liter 4 necked round bottom flask. Through

one neck was pleced an air driven mechanical stirrer, through another neck a water

cooled condenser, through the third neck a thermometer and a nitrogen inlet, and

the fourth neck an addition funnel, heating was provided by a heating mantle. When

the temperaturé reached 140°C, heating was stopped and the exotherm carried the

temperature of the reaction mixture to 175°C. The temperature. was held at 175°%Cc

for five hours. At the end of the hold, the viscosity of $he epoxy resin (40% solution

in 2-butoxy-ethanol-l) was Al-Z2 (Gardner Holt viscosity). Heating was stopped and

484 g. of n-butanol was carefully added. The temperature at the end of the butanol :

addition was about 115°C. A monomer mixture consisting of methacrylic acid 114 g.,
styrene 60 g., ethyl acrylate 1.6 g., benzoyl peroxide (78% active in water) and 45 g.
of 2—butox§-ethanol—l was added to the epoxy resin in two hours, the temperature
was held at 15°C. After the monomer. mixture was added, 25 g. of n-butanol was

used to rinse the addition funnel and then added to the reaction mixture which was

held at 115°C for another hour. A second monomer mixture consistingof-888grof——

styrene, 350 g. of ethyl acrylate, 186 g. of methacrylic acid, 36.4 g. of benzoyl
peroxide (78% active in water), 289 g. of 2-butoxy-ethanol-l and 148 g. of n-butanol
was slowly added to the epoxy-acrylic graft copolyme_r at 15°C. The addition took 3
hours, and the reactic;n mixture was held at 115°C for another half hour before 719 g.
of n-butanol was added. Mixture was cooled from 115_°C to 85°C whereupon 450 g. of

epoxy resin Epon 828 was slowly.added to the reaction mixture and then held for 1/2

- hour at 90°C. Then 80 g. of dimethylethanol amine and 50 g. of water were added

and the reaction mixture was held at 80°C for 1 hour. Then 29 g. of dimethylethanol
was added to obtain a dispersion of 20% NVM. The resultant copolymer was believed

to be an epoxy-acrylic graft containing quaternary ammonium funectionalities. The

boiling Joy and porisity of the film was drastically improved.

1
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N-isobutoxy methyl acrylamide (NiBMA) self-curing copolymer by suspension

polymerization.

{a) To a 5 liter round-bottom 4-necked flask w.as charged 2211 g. of
‘deionized water. The flask was fitted with nitrogen inlet, thermometer, water
cdoled condenser and air driven mechanicel stirrer. The water was heated to 60°C
before 110 g.' of Vinol 523 (polyvinyl alcohol. frc?m' Air Products and Chemical,
Wayne, Pa.) was added and let dissolved for about 20 minutes. A monomer mixture
consisted of 544 g. of styrene, 435 g. of ethyl acrylate, 54.5 g. of methacrylie acid
and 64 g. of NiBMA monomer (85% in isobutanol) and 13 g. of lauroyl peroxide was
batch added to the aqueous solution at about 70°C and the polymerization was
carried out at 70°C for aboui 5 hour's. At the end of that time, the polymerization
mixture was lét cool to room tem{;erature. The nonvolatile of the suspension was
de?ermined to be 29.2% and the viscosity by Ford #4 cup was 25 seconds.
A bl.end of suspension polymer (a), epoxy-acrylic graft copolymer:,
(Example ltia), and epoxy phosphate (Example 15) was prepared as follows.
| Into a 5-liter 4-necked round-bottomed flask was charged 1000 g. of the

suspension polymer (a) and 754.5 g. of deionized water. The flask was fitted with

nitrogen inlet, thermometer, water cooled condenser and an air driven-mechanical

.

stirrer. The mixture was heated to 38°C, and 18 g. of dimethylamino ethanol and '

83.6 g. of deionized water were added. The temperature was increas_gd to 48°C and
mixing was continued for 15 minutes. Then 55.9 g. of Z-ethoxy-butanol-l was added
followed by 2.8 g. of deionized water. The mixture was stirred for 40 minutes at
43°C whereupon 200.3 g. of an epoxy-phosphate (Example 15) was added in 30
minutes fonowéd by 68.2 g. of deionized water over IS minutes. Then 378.1 g. of
epoxy-acrylic graft copolymer was added over 30 minutes followed by 77.d g. of
deionized water over 5 minutes. Then 168.4 g. of n-butanol was added in 10 minut-es
followed by addition of 29.1 g. of Cymel 303. Additional n-butanol of 55.2 g. was
adtied over 15 minutes followed by the addition of .205.4 g. of deionized water. The
non-~volatile of the blend was 15.1%, and viscosity Ford #4 cup was 13 seconds. A
film drawn down on a glass plate followed by bak.ing over g hot plate at 380° F for 5

minutes provided a smooth coating.

»
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Blend -Containing Epoxy Graft Acrylic-containing Phosphated Monomer

A 5L flask equipped with a stirrer, & thermometer, a condenser, and a N 2
inlet was charged with 434.5 gms. of 2 butoxy- ethanol and heated to'150°C. When
the temperature was at 150°C, 1000 gms. of solid epoxy resin (Epon 1009F) was added
sl'lowly to dissolve in the solvent. When all the epoxy resin wes dissolved, the
temperature was lowered to 115°C and 507.7 gms. of n—bufanol was slowly added to
maintain the temperature at ns°c. A mixture of 159.1 gms. of methacrylic acid,
83.2 gms. of styrene, 2.3 gms. of ethyl acrylate, 25.6 gms. of glyeidyl methacrylate .
phosphate, 2.7 gms. of benzoyl peroxide and 62.4 gms. of 2-butoxy ethanol was
added to the epoxy solution over 1-1/2 hours. After all the monomer mixture was
added, 34.9 gms. of n-butanol was used to rinse the addition funnel. The reaction

mixture was kept at 115°C for 3 hours to complete the polymerization. The resin

was then fed into an agitated reducing vessel containing & mixture of 2550 gms. of

"deionized water and 103 gms. of DMEA. The temperature of the resulting blend wasaE

50°C. It was held there for about.an hotir, tﬁen the blend was cooled to below 32°C
by adding 100 gms. of the cool deionized water. The phosphated epoxy-aerylic graft

copolymer was blended with emulsion copolymer from Example 1 to produce an

excellent spray applied interior can coating'.

EXAMPLE 25

Blend containing Epoxy Acrvlic Melamine Graft

About 125 gms. of emulsion copolyn}er from Example 1 were added to a
5L flask along with 112.5 gms. of deionized water. This mixture weas agitated slowly
for about 15 minutes. A premix of 1.3 gms. of dimethyl amino ethanol amine and 12.5
gms. of deionized water were added wi;ch continued agitation. Then 9.5 gms. of 2-

butoxy ethanol was added and followed by 25.2 gms. of epoxy phosphate from

Example 15 and 56.4 gms. of epoxy acrylic melamine graft produced according to

_Example 1 in U.S. 4,289,811. Thereafter, 28.5 gms. of n—bx_fcanol and 3.7 gms. of

aminoplast resin, Cymel 303, were added and mixed very well. A mixture of 0.5

gms. of DMEA and 3.7 gms. of deionized water was then added and mixed for 1 hour.

The resulting polymeriec mixture provided an excellent spray epplied coating on the

interior of cans.
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EXAMPLE 26

Blend containing Phosphorylated Hydroxy Terminated Polybutadiene

To a suitable reactor 184 parts of hydroxy terminated polybutadiene
V(I.-char 1300x29 by B.F. Goodrich) were added and 79 parts of 2-butoxy ethanol.
Heating and agitation were begun with Nz sparge and at 50°C a mixture of 1.84 parfs
of super 'phosphoriq acid and 44 parts of 2-butoxy ethanol was .added slowly over 11
minutes. The temperature of the reaétants ‘was retained at 125°C for 25 minutes.
At the end of this I;xold period, 3.7 parts pf water was added and the temperature of
the reaction mixture was retained at 125°C for 2 hours. At the end of the hold
period, the temperature was lowered to '75°C and 3;7 parts of dimethyl amino
ethanol amine was added and followed by 303.2 parts of water. One hundred and ten
parts of 2-butoxy ethanol was then added and followed by 25 parts of butanol.
Twenty six parts of DMEA was added and .200 parts of water was then added to
adjust to the required solid. ]

[ 4
Blend Composition:

To & 5L reaction flask, 1000 gms. of water dispersed copolymer from
Example 13 were added along with 754 gms. of water. This mixture was agitated
‘slowly for 15 Tinutes. A premix of 18 gms. of DMEAand—200 gms. of water were

added with continued agitation. Then 3417 gms. of polybutadiene phosphate from

the-example above was added and rinsed by 17 gms. of water. Thereafter, 379.1 gms.

of epoxy acrylic copolymer from Example 14 were added and rinsed by 19 gms. of

- water. ‘Next, 228.7 gms. of n-butanol was added slowly and followed by a mixture of.
8.73 gms. of butanol and 29.1 gms. of Cymel 303. To adjust the mixture to required
solid content, 63.4 gms. of water was added. The-resulting mixture formed good

film for spray applied coatings.

S
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EXAMPLE 27

Blend Containing Phosphorylated Polyester

A conventional polymerization vessel equipped with a stirrer, condenser
and water separator, thermometer, and a nitrogen inlet was charged with a tall oil

fatty acid (Sylfat V-18) and heated up to 80 °C. When the temperature was at 80°C,

'5120 gms. of a resinous polyol (RJ-lOl from Monsanto) was added and contmued to
heat-up to 125°C. A vacuum of 18" was needed to pull out water which was trapped .

in RJ-101. The reaction mixture was hesated to 240°C and xylene was added, as .

needed, to aid the removal of water. The temperature was maintained at 240°C for

' 2-1/2 hours and the acid number was 3.9 on solid. The heat was turned off and the

reaction mixture was cooled to 120°C. When the temperature was at 120°C, 1567
gms. of acetone was added very slowly. When &all the ad.dition was finished, the
temperature of the bateh was 51°C. The resulting polyester was phosphorylated as
follows. A conventional vessel equipped with a stirrer, condenser, and a
thermometer was charged with 386.1 gms. of resin from above. At 25°C 15 gms. of
P205 solid was added with stirring. The reacfion mixture was heated up to 125°C

and 79 gms. of 2-butoxy ethanol was added to dilute to 77.9% solid. This

phcsphorylated polyester was thﬂn added to a water dispersed copolymer (Example

-13) and epoxy-acrylic copolymer (Example 14) to produce a good coating for spray

application to interior of cans. ' .

EXAMPLE 28

Syntheéis of Phosphated Epoxy-Acrylic Graft

An epoxy phosphate acrylic copolymer was made as follows. 114l gms. of
95% Epon 828 in xylene, 614 gms. of bisphenol A, and 310 gms. of 2-butoxy ethanol
was charged into a 5 1. flask equipped with a stirrer, a thermometer, a N2 inlet, a
condenser and additional funnel. The mixture was heated to 80°C with N o Sparge,
when the temperature was at 90°C, a mixture bf 0.52 gm. of sodium acetate and 3
gms. of water was added, and the heat was continued to 140°C.

When the

temperature reached 140°C, the heat was turned off. The exotherm raised the

temperature to 160°C. The heat was 'turned back on to raise the temperature to

. =35-
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175°C. The reaction mixture was held at 175°C for five hours and cooled down to
125°C by adding 360 gms. of 2-butoxy ethanol. When the temperature was at 125°C,
a mixture of 7.32 gms. of polyphosphoric acid and 20 gms. 2-butoxy ethanol was
added slowly and held for 30 mi;nutes. Thirty-four gms. of water was then added
sllowly to the reaction mixture and held at 125°C for two hours. After th.e two hours
hold, 888 gms. of BuOH was added to the reaction mixture and the temperature was

dropped to usc. A mixture of 283 gms. of methaerylic acid, 148 gms. of styrene,

.
P S S R

and 4 gms. of ethlvl acrylate, 38.5 gms. of benzoyl peroxide and 32.4 gms. of 2-
butoxy ethanol was added over two hours and then the reaction mixture was held at
14°C for additional two hours. 'I_‘he resulting resin was then dropped into the

mixture of 3867 gms. of DI water and 162 gms. of dimethyl ethanolamine. The

1 o A P s 00 ¢

phosphated epoxy-acrylic graft copolymer was mixed with a lﬁtex (Example 13). The

resulting emulsion was a stable opalescence emulsion which gave good protective

coating for steel can in softdrink application when cured with 5% Cymel 303.

e ¢ et ————
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Thermosetting Copolymers Containing

Alkyl Hydroxy Phosphate Surfactant

Alkyl hydroxy phosphates were prepared by the reaction of

superphosphoric acid with alkyl epoxides by the method diselosed in U.S. 3,487,130.

By using 1,2-epoxyhexadecane, 240 parts of 1,2—epoxyhexadécane were added

dropwise to a stirred solution of 105 parts superphosphorie acid in 200 parts

_tetrahydrofuran. During addition of epoxyhexadecane, the reaction mixture was ‘

maintained at 10 - 15°C, after which time it was slowly raised to room temperature.
300 pai'ts of diethyl ether were then added to the bateh, and the solution washed
with two 200 ml. portions of saturated sodium chloride solution. The-organic layer |
was dried with sodium sulfate and solvent evaporated to yiel&l about 300 parts
hexadecane hydroxy phosphate. Under the prépamtive conditions, mono and diesters
comprise the majority of reaction products.. Separation of hydroxy phosphate mono 3' "

- - [ 4
and diesters was not required for use in water dispersed copolymers nor in

epoxy/acrylic blends. | : !
A thermosetting emulsion copolymer containing the foregoing alkyl

hyd.roxy phosphate as a surfactant was prepared by loading 115 parts deionized water

and 0.10 parts hexadecane hydroxy phosphate into the reactor and heated to 50 -

52°C. At 50°C the pH of the solution was adjusted to 8.5 - 9.0 by the addition of -

.dimethyl ethanolamine, and then heated under nitrogen sparge with agitation to 76 -

78°C. At equilibriated reaction temperature, the nitrogen sparge was discontinued,
and a mixture of 1.2 parts styrene and 0.80 parts ethyl acrylate was added to the
reactor, and emulsified 10 minutes. After this time, 0.30 parts ammonium persulfate

were added to the reactor, and allowed to react at least 20 minutes before beginning

the monomer feed.

The monomer feed consisted of 55.0 parts styrene, 26.0 parts ethyl

acrylate, 5.0 parts methacrylic acid and 12.0 parts N-<isobutoxy methyl acrylamide.

Monomers were added to the reactor at a constant rate during 4.5 - 5.0 hours while

maintaining the batch temperature at 76 - 78°.  The bateh was then held an

additional two hours at reaction temperature, before cooling and filtration.
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Thermosetting Copolymers Containing

Phosphate Funectionality

Monomers containing phosphate functionality were -prepared by the
reagtion of phosphorus pentoxide with hydroxyl ethyl acrylate using the method
digclosed in U.S. 3,686,371. In this method, 140 parts of phosphorus pentoxide were
added slowly to a vigorously stirred solution of 350 pdrts hydroxyl ethyl acrylate and
0.05 parts MEHQ inhibitor. Reaction temperature was maintained at 25-35° with
external cooling. After addition of phosphorus pentoxide was complete, the réaction
~ was stirred for 2.5 hours at 30°C and then heated for two hours at 45° to insure
complete reaction. ﬁoth mono and diesters were present in the reaction mixture but
did not require separation prior to poiymerization.

Phosphate monomers can be emulsion or solution‘copolymerizéd using

standard semi-continuous methodology. Solution polymerization is best . -

accompli.shed in 8 1:2 mixture .of. butoxy-ethanol and n-butanol. Emulsion :
polymerization can proceed in aqueous media without the preserve of additional
organic solvents.

) A thermosetting emulsion copolymer containing phosphate mdnomer was
prepared by loading 110 parts deionized. water and 0.10 parts sodium dihexyl
sulfosuccinate into the reéctor. The solution was heated under nitrogen sparge to -
76;7800. At equilibriated reac;ion temperatui-e, the nitrogen sparge was removed
and 0.16 parts ammonium bicarbonate added. A mixture of 1.2 parts styrene and 0.80
parts éthyl acrylate was then added to the reactor and emulsified 10 minutes
whereupon 0.30 parts am;nonium persulfate were added and sllowed to react 20
minutes before beginning the monomer feed.

The monomer mix contained 35.5 parts styrene, 50.0 parts ethyl acrylate,
4.0 parts methacrylie aeid, 10.0 parts N—-isobﬁtoiy methyl acrylamide, and 0.50 parts
2-phosphate ethyl methacrylate. Monomers were added to the reactor at constant
rate during 4.5 - 5.0 hours while meaintaining the reaction temperature at 7.6 - 78°C.
The bateh was then held an additional two i‘nours at reaction temperature, during

which time an additional 400 parts deionized water was added to reduce viscosity.

©F
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EXAMPLE 31

Thermosetting Copolymers Containing Alkyl Phosphates

Alkyl phosphates were prepared by the reaction of superphosphorie acid
with aliphatic alcohols. The prbcedure employed is identical to that used to

phosphate hydroxyl alkyl acrylaies, as illustrated in Example 29.
| '

A thermosetting emulsion copolymer containing alkyl phosphate was

prepared by loading 115.0 parts deionized water and 0.10 parts octyl phosphate into

the reactor and heated to 50 - 52°C. At 50 - 52°, pH of the aquéous phase weas

adjusted to pH'7 - 7.5 with dimethyl ethanolamine, and then heated under nitrogen
sparge with agitation to 76 - 78°C. At equilibriated reaction temperature, the
nitrogen sparge was discontinued, and a mixture ofr 1.2 parts styrene and 0.80 parts
ethyl acrylate was added to the reactor. This monomer portion was emulsified 10
minutes and then 0.30 parts ammonium pers_ulfate were added to the reactor and
allowed to react 20 minutes before beginning the monomer feed.

The monomer mix contained 45.0 parts styrene, 38.0 parts ethyl acrylate,
5.0 parts methacrylic acid, and 10.0 .parts N-isobutoxy methyl acrylamide.
Monomers were added to the reactor during 3.5 = 4.0 hours while maintaining the
bateh temperature at 76 - 78°C. During the monomer feed, an additional 900 parts
of deionized water were added to the batch .to reduce viscosity. The batch was held
an additional three.hours at reaction temperature befox;e cooling and filtration.

The foregoing emulsions produced in Examples 29-31 were each mixed .

with an epoxy-acrylic copolymer in accordance with this invention to produce an

excellent interior can coating.
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EXAMPLE 32 : )

Preparation of Water Soluble Dispersion

. A 5L flask equipped with a Fhermometer, Va condenser, a stirrer, and a N 9
inlet was charged with a mixture of 1000 gms. of DI water and 114.6 gms. of dimethyl
am;noetham_al. The mixture was heated to 85°C. A monomer mixture containing 548
gms. of styrene,. 487.1 gms. of ethyl acrylate, 121.7 grﬁs. of methacrylic acid, 24.3
gms. of benzoin, 378.5 gms. of butyl cellosolve, 379.5 gms. of n-butancl, 60.9 gms. of
N(isobutoxy methyl) - aerylamide, and 34.8 gms. of tert-butyl hydroperoxide was
added over 4 hrs. When the addition of ;nondmer mixture was completed, the
reaction mixture was held at 85°C for 1 hour. Then, 800 gx;xs. of DI water was added
and followed by & mixture of 100 gms. of DI water and 34.8 gms. of tert-butyl hydro-
peroxide. The reaction mixture was fleld at 85°C for another 2 hus. to complete the
pc;lymerization.

Blend Composition -

To a 5L flask equipped with a condenser and a stirrer, 1514 gms. of water
soluble dispersion from the foregoing water soluble dispersion were added along with
463 gms. of DI water. The mixture was mixed for 15 minutes. Next, 200.3 gms. of
epoxy phosphate from Example 15 was added and rinsed with 200 gms. of DI water.
The resulting mixture was mixed for 1 br., then 378.1 gms. of epoxy -acrylic
copolymers from Example 14 was added amd rinsed with 200 gms. of DI water., The
mixture wa stirred for 1 hr. A mixture of 13 gms. of n-butanol and 28.1 gms. of
Cymel 303 was then added and fcnowéd by 100 gms. of DI water. The resulting
mixture was mixed for 2 hrs. and then filtered.

The resulting polymeric. mixture was cured and provided good interior

can coating.

[ ¢
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EXAMPLE 33

Blend with Ammonium Phosphate

To a 5L flask equipped with a condenser and a stirrer, 1000 gms. of latex
fro;n Example 1 were added along with 1000 gms. of DI water. A mixture of 18.1 gms.
of dimethyl ethanol amine and 50 gms. was then added slowly. Next, 76.6 gms. of
butyl cellosolve and 222.8 gms. of n-butanol were added to the mixture. Thereafter,
715 gms. of epoxy acrylic copolymer from Example 14 was added and continued to
stir for 2 hrs. Then, 1.33 gms. of ammonium phosphate was added and continued to
stir for an additional 1 hr. The resulting mixture was then mixed with 5% Cymel

303. The coating was cured into a clear film with good film properties.
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CLAIMS

1. A water dispersed coating composition comprising
on a polymer solids weight basis:
between 5% and 99% of a self-curing water dispersed
polymer comprising copolymerized ethylenically unsaturated
alkylol acrylamide monomer, ethylenically umnsaturated .
functional monomer containing reactive functional groups,"
and other ethylenically unsaturated monomer;
between 1% and 70% epoxy=-acrylic copolymer; and
between 0% and 50% of a phosphated polymer,
2. A composition as claimed in claim 1, characterized : !
in that said phosphated polymer is present in an amount
of from 3 to 20% on a polymer solids weight basis,
3. A composition zs8 claimed in either of the - o
preceding claims, wherein the composition further comprises
from 1 to 10% of an amlnoplast resin on a polymer solids
weight basis.
4, 2 composition as claimed in any one of the
preceding claims, wherein the alkylol acrylamide component'. i !
of the self curing water dispersed polymer is an alkylated .
alkylel acrylamide.
5. .. A composition according to any one of the
preceding claims, wherein said functional monomer contains
carboxyl, hydroxy, amino or amido groups.
6. A composition according to any one of the

: -preceding claims, wherein the .epoxy acrylic copolymer-is--.-

a graft copolymer, in admixture with ungrafted polymer,
epoxy resin and ungrafted acrylic admixture polymer, '

7. A composition according to any one of the
preceding claims, wherein said epoxy acrylic is a phosﬁhatea
epoxy-acrylic polymer.

8. A composition according to any one of the
Preceding claims, wherein said epoxy acryllc copolymer 1s
an epoxy acrylic ester copolymer.

9. A copolymer according to any one of the preceding

CASE 10139
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claims, wherein said self curing-water dispersed polymer.
was formed by copolymerization of its constituent unit

in the presence of a phosphate or phosphoric acid.

10. A composition according to any one of the pre-
ceding claims, wherein a phosphated polymer is present and
said phosphated polymer comprises an epoxy phosphate.

1l. A composition according to any one of the
preceding claims, wherein a phosphated polymer is present
and is selected from a) phosphated resinous polyélectroly%e
polymers produced by reacting ethylenically unsaturated
monomers including carboxyl or hydroxyl monomer in water
containing an ionizing agent, b) phosphated epoxidized oil
c) phosphated epoxidized butadiene copolymer, d) polymer
containing copolymerized phosphate monomer, e) phosphated

- polyester.

12. | A water dispersed doating composition containing

a water dispersed self-curing éolymer comprising copolymerized
ethylenically unsaturated alkylol acrylamide monomer,
ethylenically unsaturated functional monomer containing
reactive functional groups, and other ethylenically un-
saturated monomer, wherein the self-curing polymer contains
phosphate.

13. The composition in claim 12, wherein the phosphate
is an alkyl phosphate ester monomer copolymerized with the

other monomers.
14. A process for preparing a copolymer as claimed
in any one of claims 1-10, which comprises

polymerizing in water a monomer mixture comprising
ethylenically unsaturated alkylol acrylamide monomer,
ethylenically unsaturated functional monomer containing
reactive functional groups, and other ethylenically un-
saturated monomer to provide a self-curing water dispersed
polymer; and

mixing said self-curing water dispersed polymer
with an epoxy-acrylic copolymer and optionally phosphated
polymer to provide a water dispersed composition comprising
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between 1% and 929% of.said self-curing polymer, between :%t
and 70% of said epoxy-acrylic copolymer, and 0% tc 50%
phosphated polymer.

15. A process according to claim 14, wherein the
monomers for the self-curing polymers are polymeriied

in the presence of ionizing agent to produce a resinous
polyelectrolyte water dispersed self-curing polymer.

l6. .A process according to either claim 14 or 15,
wherein the alkylol acrylamide monomer is preferentially
copolymerized on the surface portion of the self-curing
water dispersed polymer. _

17. A process according to any'one of claims 14, 15
and 16, wherever the monomers are phosphafed in the presence
of a phosphate surfactant. '

18. The use of a composition according to any one

of claims 1-~13, which comprises spraying an application

of sﬁid composition to a substfate and then heat curing to

cross—link said functional groups with said alkylated
acrylamide groups.

19. A composifion according to any one of claims
1-6 wherein said epoxy acrylic copolymer is gquaternary -~
polymer. -~

20. A composition according to any one of claims

1-6 wﬁérein said epoxy acrylic copoiymer is proauced by
reaction epoxy resin with a melamine graft copolymer
mixture of meiaminerénd acrylic copolymer in the presence
of sufficient amine to produce a non-gelled epoxy-acrylic

ester copolymer.

Wy
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